An experimental comparison of the ring lens and the astigmatic techniques of generating focus-errorsignal (FES) in optical disk systems reveals that the ring lens generates a FES over two times steeper than that produced by the astigmat.
Introduction

" The ring lens technique of focus error detection and its combination
with push-pull tracking was proposed in an earlier paper [1]. Later, based on diffraction calculations, the ring lens was predicted to have superior characieristics over other methods0_ focus-error detection [2, 3]. This superiority stems from the fact that the ring lens produces a large, yet diffraction-limited image at the detector, has circular symmetry which simplifies alignment procedures, and allows focus-and track-error signals as well as data signals to be detected in the same channel. This paper reports the experimental verification of some of the above predictions; in particular, we report that the ring lens produces a steeper FES and has significantly lower feedthrough (i.e., focus error signal generated when moving across tracks) than the astigmatic technique.
In the sections that follow we describe a method that has been used successfully to fabricate the ring lens, describe our static testbed for making measurements of the focus-and track-err0r signals, present the results of these measurements for a ring lens, and compare the results with those obtained for the astigmatic scheme.
Ring Lens Fabrication " The ring lens used in these experiments was formed on a soda-lime glass slide by a thermal process. Initially, a base plate of polished stainless steel with a circular groove carved on its flat surface was prepared. This plate was coated with a thin layer of black ink which serves as mold release agent, and then placed in contact with the glass slide. The assembly was heated in an oven to 735°C for 2 minutes, then slowly cooled back to the room temperature. During heating, the softened glass sagged into the groove and formed a curved surface in the annulus defined by the groove. The glass slide was subsequently removed from the mold, cleaned, and without further polishing was used in the experiments. It must be emphasized that although the thermal process described above yields reasonably good ring lenses, we do not consider it suitable for the fabrication of highly accurate, aberration-free lenses.
Other shortcomings of this technique include the inability to produce lenses with very small ring radii, and also lack of any direct control over the focal length of the lens. Ideally, such lenses must be made by direct molding of glass or plastic, or by the fabrication methods of holographic optics or binary optics. After passing through a spatial filter and a collimating lens, the beam goes through a removable shear plate collimation tester, which can detect wavefront errors as low as 0.1A. The beam emerging from the lens is fairly large in cross-section, and is stopped by a 5 mm diameter aperture. The collimated beam passes through a 50/50 beam-splitter cube which sends half of the light to the disk (or an immitation of the disk) and the other half to a plane mirror, which acts as the reference arm in a Twyman-Green interferometer.
Testbed for
The reference arm is used to check the collimation of the beam returning from the disk, and is covered during focus/track error measurements.
In our experiments the grooved surface of an optical disk was simulated by a reflection The focusing/tracking optics are placed after the beam-splitter cube, and form an image on a CCD camera whose pixel spacing is 10/_m. The ring lens forms an image directly on the camera, while the spot formed by the astigmat is small and requires magnification. The image from the camera is fed into a frame-grabber card, which can simulate arbitrarily-shaped detectors in software.
The simulated detector for the ring lens scheme is a phi detector (so named because of its resemblance to the Greek letter _), while that for the astigmatic method is a quad detector. 
Focus-Error
Results and Discussion :
The ring lens technique was found to produce a steeper FES curve and significantly less feedthrough than the astigmatic method. These findings apply to both wavelengths and both polarization directions employed in this work. The ring lens was also found to be fairly insensitive to misalignments. On the other hand, for both wavelengths and polarizations, the feedthrough (in microns) for the ring lens is between six and eight times lower than that for the astigmat.
The ring lens technique is fairly insensitive to misalignments and imperfections of the system. These plots show a slight decrease in the slope as well as a small shift of the zero-crossing for 10 #m of centering error. The consequences of a 20 #m decenter, however, are much more drastic. In comparison with the ring lens results in Fig. 9(b), Fig. 10 shows several FES curves for various locations of the quad detector of the astigmatic technique. We observe that 6 #m of centering error has negligible effects on the FES curve, but a decenter of 12 _m is beginning to cause severe problems.
Focusing
Concluding
Remarks : We have presented a comparison of the ring lens and astigmatic methods of generating focus-and track-error signals for optical disk drives. It was found that the ring lens produces an FES curve which is substantially steeper than that produced by the astigmat. Also the cross-talk on the focus error signal from track-crossings was 6-8 times smaller for the ring lens method.
In addition, we found the ring lens scheme to be tolerant of small errors in detector positioning and alignment. Vol. 1663 Vol. , pp150-156 (1992 .
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